EMG in simple mechanical obstruction is characterized by an increase followed by a decrease in the intensity of spike discharges, in which course there is a period where a group of intensified spike bursts and a resting interval appear alternately.
The change in EMG on vascular occlusion also con sists of intensification and subsequent debilitation of the discharges, but on this occasion the progress is quite rapid and the resting interval is never observed. EMG on strangulating obstruction includes the manifestation of mechanical obstruction and that of vascular occlusion, and the former is prevalent in the case of mild strangulation and the latter in the case of acute, complete strangula tion.
The ease with which the intestine resumes its motility 
MATERIALS AND METHODS
Animals: A total of 54 adult dogs were used. The animal was anesthetized with 10 to 20 mg/kg body weight of Thiopental sodium administered intravenously, laparotomized by a midline incision and subjected to electromyography of the intestine before and after the preparationsdescribed below.
Procedures for the animal intestine: Mechanical obstruction was induced by simple ligation of the ileum that involved the intestinal canal but not its mesentery, whereas circulatory disturbance was caused by clamping the superior mesenteric vessels with a vessel clamp. For producing strangulating obstruction, a loop of the small intestine was brought outside the laparotomy wound, the root of its mesentery was fixed by suture to the abdominal wall and then the loop was distort ed 360°, so that obstruction of the lumen and a circulatory disturbance occurred simultaneously. After such preparations, the EMG was led from the intestinal segment shortly oral to the site of obstruction in the case of mechanical obstruc tion, from the involved intestinal segment in the case of vascular occlusion, and both from the oral and the involved segments in the case of strangulating obstruction.
Method of electromyography: The system consisting of nonpolarizable Ag AgCl electrodes, an R.C. amplifier (time constant 0.05 sec.) and an electromagnetic oscillograph with an H-type vibrator was utilized and the action potential of the intestine was led by bipolar lead at an electrode distance of about 0.3 cm. The electrodes were inserted from the serosal surface to the muscular layer of the intestinalwall and were fixed there by suture. RESULTS 
EMG during mechanical obstruction
Twenty dogs were subjected to mechanical obstruction of the intestine and the action potential was led from the intestinal segment shortly oral to the site of obstruction. Table I summarizes the results and Fig. 1 illustrates EMG observed in the case of this group. The intestinal EMG, in general, consists of spike bursts, each of which appears with a single peristalsis and has one to several spike discharges. Before obstruction, the maximum amplitude of the spike bursts Table 1 , and the spike discharges were no longer observed after 48 hours. Mean while, such peculiar phenomena as an appearance of feeble discharges without gross movements and an absence of electric discharges despite the presence of a waving, tonic contraction of the intestine were noted in this phase.
EMG during vascular occlusion
Occlusion of the mesenteric vessels was performed in 11 dogs. Shortly after clamping of the vessels, the involved intestinal segment exhibited powerful con tractions and hyperactive peristalsis. Such intensification of the intestinal movement became most remarkable 20 to 30 minutes after occlusion, and at that time small petechiae began to appear on the serosal surface of the intestine and mesentery, and hemorrhagic exudation became manifest.
The involved segment became darker as time progressed and it was reddish purple after one hour.
The intestinal movement gradually began to diminish in activity at one hour after occlusion of the vessels and was hardly observed at two hours. 
EMG during strangulating obstruction
Strangulating obstruction of the intestine was induced in eight dogs of this series. On gross observation, a complete strangulation was followed almost immediately by an increase in the peristaltic activity of the involved intestine. The tint of the strangulated loop changed from darkish red to reddish purple in approximately 20 minutes. At the same time, petechiae appeared on the serosal surface of the involved intestine and mesentery, and hemorrhagic exudate began to accumulate in the peritoneal cavity. Two to three hours later, the movement gradually became less active but the resting interval was never noted in this instance. The intestinal motility in the case of complete strangulation thus resembled that of vascular occlusion. On the other hand, when strangulation was incomplete and the intestine became only dark red in color, the peristaltic movement was hyperactive for more than two hours and the resting interval appeared at about four hours, thus resembling the finding in the case of mechanical obstruction of the intestine.
In this group, the electromyographic findings obtained at the intestinal segment oral to the strangulated loop were omitted because of their resemblance to those in the case of simple mechanical obstruction. Table III summarizes the findings at the strangulated loop in the case of complete strangulation and Fig. 3 demonstrates EMG of a case of this group.
In 20 to 30 minutes after onset of com plete strangulation, the spike number and the duration of the spike burst increased much and the interval between bursts was shortened considerably, although there was no significant change in the amplitude of the burst. At 30 to 120 minutes, the increases in the spike number and in the duration of bursts became more remark able and the amplitude of bursts became apparently longer than before strangula- 
2) Recovery from vascular occlusion
When the clamp occluding the mesenteric vessels was removed after 30 There are many reports on the intestinal motility in intestinal obstruction but those dealing with the problem by means of electromyography are few. In this connection, the present study was undertaken to analyze intestinal electromyograms (EMG) during intestinal obstruction in dog. Simple mechanical obstruction and obstruction due to vascular occlusion were studied separately and strangulating obstruction was also subjected to the study.
Mechanical obstruction. In the early phase (first eight hours) of mechanical obstruction, EMG revealed an increased activity of peristaltic discharges, i.e., increases in the spike number, duration and amplitude of spike bursts . Such hyperperistalsis became more remarkable in the intermediate phase (8 to 12 hours) and, at the same time, a resting interval showing no spike discharges began to appear, so that EMG in this period was characterized by an alternate appearance of hyperactive and resting intervals. In the late phase (after 12 hours or later) , the EMG revealed decreases in the spike number , duration and amplitude of spike bursts and the resting interval was prolonged much , eventually leading to disappearance of peristaltic discharges.
When the reports on the intestinal movement during simple mechanical obstruction are reviewed, it seems to be generally accepted that a kind of hyper peristalsis, so-called "stenotic movement", occurs in an early phase at the portion oral to the site of obstruction but the involved intestine eventually undergoes paralysis for excessive stretch of its blood vessels due to intestinal distention. Shiokawa6) investigated the frequency of peristalsis during intestinal obstruction in rabbits and dogs, and found that the frequency became maximum ap proximately four hours after onset of obstruction but apparently it began to decrease after 10 hours . Nishijima2) simultaneously recorded EMG and mechanogram of the rabbit intestine in the case of mechanical obstruction and observed that hyperactive peristaltic waves associated with increases in the amplitude, spike number and duration of spike bursts appeared in the first 15 hours. The electromyographic findings in the early phase of the present experi ment thus quite resemble those obtained by Nishijima in rabbits .
On the other hand, Takita et al.1) observed in a stadium of mechanical obstruction an alternate incidence of hyperactive peristalsis and an interval in which the intestine appeared to be inactive. Such a phenomenon became prevalent about 24 hours after onset of obstruction and they named this phenomenon as "vicissitude type movement". In his simultaneous observation of EMG and mechanogratn, Nishijima2) also noted a similar phenomenon that became remarkable at 12 to 15 hours after onset of mechanical obstruction. In the present experiment, an alternation of a group of spike bursts and a resting interval was observed at 8 to 12 hours after induction of mechanical obstruction, which may be identical with what was described by Takita et al. According to Asao7) who recorded by Magnus' method the motility of a strip of muscle tissue isolated from the intestinal wall affected by mechanical obstruction, such a muscle strip exhibited an alternate repetition of contraction and relaxa tion. Thus it is likely that the vicissitude type movement is due to a change in the motility of muscle fibers, probably representing a physiological adaptation of the fibers to an increased requirement of peristalsis. Only a few reports have been presented concerning the electromyographic aspect of the intestinal motility in the case of strangulating obstruction . Nishijima2) observed changes in the intestinal EMG during the course of strangulation of the rabbit intestine and reported that the amplitude , spike number and duration of spike bursts increased much in the first two bows but then they tended to decrease , showing only a trace of discharges after six hours . On gross observation of the intestinal movement in the case of experime ntal strangulation of the rabbit intestine , Ooshima14) described a repetition of strong peristalsis at an interval of five to six seconds, an occurrence of grouped peristaltic rings followed by a resting interval , and a sporadic appearance of a continous contraction occurring every five to ten seconds . The author's observation is sum marized as follows: In the case of complete strangulation , the EMG resembled that in the case of vascular occlusion, revealing increases in the amplit ude, spike number and duration of spike bursts for the first two hours and debilitation of spike bursts thereafter. In the case of mild strangulation, on the other hand, manifestations of mechanical obstruction were predominant in EMG, a group of intensified spike bursts and a resting interval appearing alternately. These results have some resemblance with the observations by Nishijima2) and Ooshima14) in that a strangulation of the intestine is temporarily followed by hyperperistalsis. However, the present study has also clarified an interesting aspect of strangulating obstruction that the EMG on strangulation of the intes tine includes manifestations of both mechanical obstruction and vascular occlu sion and which one is predominant is dependent upon the severity of strangula tion.
Recovery from intestinal obstruction. When the cause of intestinal obstruc tion is removed within certain duration, the affected intestine is restored from obstructive conditions. However, few reports have dealt with the electromyo graphic aspect of the recovery process. Saito15) experimentally produced mechani cal obstruction of the dog or rabbit intestine by ligation with silk and removed the ligation after the proximal intestine had shown marked distention. The recovery on this occasion was very slow and the intestine appeared for a consider ably long period as if obstruction had been still remaining. Complete recovery was attained first after a week. Ooshinia14) observed that two hours after removal of the cause of strangulating obstruction, the tint of the intestine became reddish and vivid, but peristaltic movements were interrupted or weakened at the portion where strangulation had occurred. These two reports more or less emphasize a fairly long duration of obstructive conditions after removal of the cause of obstruction. According to Inose14), degeneration of the nervous plexus in the intestinal wall occurs in a comparatively early phase of intestinal obstruction and it is estimated that a disturbance of the autonomic nervous system is a cause of irreversible dysfunction of the intestine in the case of intestinal obstruction. Fukuhara17) observed that when the intestinal segment was perfused with Tyrode's solution to make it completely ischemic, the nervous ganglia in the wall of the involved intestine were destroyed within four hours. These two reports suggest that the chance for recovery of the motor function of the intestine from intestinal obstruction is largely dependent on the grade of damage of the autonomic nervous system or the smooth muscle of the affected intestine. 
